T he saphenous nerve (SN) is a sensory branch of the femoral nerve. It runs a long course in the thigh, adjacent to the femoral artery within the adductor canal. In combination with sciatic nerve block, it provides surgical anesthesia for procedures below the knee. 1 Selective blockade of the SN is desired for surgeries of the ankle and foot because it provides the necessary anesthesia without quadriceps muscle weakness. 2, 3 However, because of its small size and absence of a motor component, conventional nerve localization techniques such as elicitation of paresthesia and nerve stimulation have inconsistent success. 4Y6 Previous studies suggest that ultrasound guidance can help perform lower limb nerve blocks accurately and avoid unintentional puncture of major vessels. 7 The present descriptive prospective study assesses the feasibility of performing a real-time ultrasoundguided SN block in the adductor canal.
MATERIALS AND METHODS
After University Health Network Research Ethics Board approval and written informed consent, 20 patients undergoing lower limb surgery took part in this prospective observational study. Inclusion criteria were as follows: aged 18 to 80 years, American Society of Anesthesiologists physical status of I to III, body mass index less than 35 kg/m 2 , and elective foot or ankle surgery. Exclusion criteria were as follows: language barrier, contraindications to regional anesthesia, pregnancy, known allergy to local anesthetics, bleeding diathesis, and preexisting neuropathy. Staff or fellow anesthesiologists performed all SN blocks 1 hr before surgery in a dedicated regional anesthesia room. Routine noninvasive monitors, including electrocardiogram, noninvasive blood pressure, and pulse oximeter, were used. Peripheral venous access was established, and an infusion of normal saline started at a maintenance rate. Anxiolysis was obtained with 1 to 2 mg of midazolam intravenously and 25 to 100 Kg of fentanyl intravenously, if required. The leg that underwent surgery was externally rotated, the knee slightly flexed, and the thigh prepared with 2% chlorhexidine in 70% isopropyl alcohol. The medial aspect of the thigh was scanned in a transverse axial plane using a high-frequency linear probe (5Y12 MHz) prepared in a sterile fashion (Fig. 1) . Phillips HD11 XE (Philips Ultrasound, Bothell, Wash) or General Electric Logiq E (GE Health Care, Mississauga, Ontario, Canada) ultrasound units were used. The SN was identified in a cross-sectional (short axis) view as it runs alongside the femoral artery in the adductor canal deep to the sartorius muscle (Fig. 2) . The transducer was initially placed on the medial aspect of the distal third of the thigh to identify the femoral artery immediately deep to the sartorius muscle. The transducer was then moved caudally along the long axis of the thigh until the femoral artery was seen Bdiving[ deep and moving away from the anterior muscle plane (sartorius and vastus medialis muscles), toward the posterior aspect of the thigh where it becomes the popliteal artery. This area was identified as the Badductor hiatus,[ and the block location was selected 2 to 3 cm proximally to this area, in the distal adductor canal. The needle entry point was marked on the skin, and its distance to the knee crease was noted. After local skin infiltration with 1 to 3 mL of 2% lidocaine, a 22-gauge 50-mm insulated block needle (Stimuplex; Braun Medical, Bethlehem, Pa), attached to a peripheral nerve stimulator (MultiStim SENSOR; Pajunk, Geisingen, Germany), was advanced in plane with the ultrasound beam under real-time ultrasound guidance (in either a medial-to-lateral or a lateral-to-medial orientation) toward the target nerve. The nerve was identified as a slightly hyperechoic structure with a round cross-section, in close relationship to the femoral artery, usually slightly superficial to it. On needle-to-nerve contact, and to rule out a motor response of the vastus medialis, the nerve stimulator was turned on at a frequency of 2 Hz and a pulse duration of 0.1 msec, up to a maximum current amplitude of 2.0 mA. After a motor response was ruled out, the pulse duration was increased to 1.0 msec to seek paresthesia to the medial aspect of the leg up to a maximum of 2.0 mA. Thereafter, 10 mL of local anesthetic solution containing 2% lidocaine (5 mL) with 1:200,000 epinephrine and 0.5% bupivacaine (5 mL) was injected around the SN. The remaining anesthetic management proceeded according to current institutional practice. This included a popliteal nerve block and/or spinal or general anesthesia at the attending anesthesiologist's discretion, not earlier than 30 min after completion of SN block to allow for efficacy assessments.
The distance from the needle entry point to the knee crease and skin-to-nerve distance were recorded. After local anesthetic injection, block onset and progression were monitored at 5-min intervals in the distribution of both the sartorial and infrapatellar branches of the SN. Sensation to pinprick was assessed using a 3-point scale: normal (2), decreased (1), absent (0) in 3 areas, namely, the infrapatellar area, the proximal aspect of the medial leg, and the distal aspect of medial leg, just proximal to the medial malleolus. Saphenous nerve block was considered successful if complete absence of sensation to pinprick developed within 30 mins of local anesthetic administration in the 3 tested areas. Patients were contacted 24 hrs after surgery to inquire about complications and duration of sensory block in the saphenous territory. Duration of SN block was estimated as the number of hours it took for patients to regain sensation in the medial aspect of the leg. This was assessed in person for inpatients and on the telephone for outpatients.
RESULTS
Seven male and 13 female patients, with American Society of Anesthesiologists physical status of I to III, aged 52 T 16 years, and with a body mass index of 29 T 5 kg/m 2 were included in the study. The SN was identified in all 20 patients in the distal adductor canal at a depth of 2.7 T 0.6 cm. The needle entry point was located at 12.7 T 2.2 cm proximal to the knee crease. The SN appeared mostly hyperechoic, of approximately 3 mm in diameter, with a Bhoneycomb[ internal pattern characteristic of peripheral nerves, and located anteromedial to the femoral artery (Fig. 2) . A motor response to the vastus medialis was ruled out in every case (no patient presented a motor response). Seventy percent of patients reported paresthesia to nerve stimulation, with a mean current threshold of 0.74 T 0.53 mA and a pulse duration of 1.0 msec. All 20 patients in the study developed complete sensory anesthesia to pinprick in the SN territory by 25 mins. Block duration was 8.6 T 3.7 hrs. There were no cases of vascular puncture, intraneural injection, or persistent paresthesia.
DISCUSSION
The SN arises from the posterior division of femoral nerve in the femoral triangle, it descends lateral to the femoral artery in the proximal thigh, and it runs along the roof of the adductor canal. 8 It then crosses anteriorly over the femoral artery to lie medially to the artery in the distal part of the adductor canal. The adductor canal (also called subsartorial canal or Hunter canal) is an aponeurotic space that runs from the apex of the femoral triangle to an opening in the adductor magnus through which the femoral vessels reach the popliteal fossa. The canal is bounded anteriorly by the sartorius muscle, anterolaterally by the vastus medialis muscle (1 of 4 components of the quadriceps muscle), and posteromedially by the adductor longus muscle (Fig. 3) . The canal contains the femoral artery and vein, the descending genicular and muscular branches of the femoral artery, the SN, and the nerve to vastus medialis (until it enters the muscle). 8 More distally, the SN leaves the adductor canal along the medial side of the knee, piercing the fascial plane between the tendons of sartorius and gracilis muscles to become subcutaneous. The SN divides into its 2 main branches beyond this level (sartorial and infrapatellar), 9 ,10 which, in turn, divide into multiple small subcutaneous branches, thus making nerve identification more challenging in more distal locations. 11 In a recent cadaver study, Horn et al 12 described the anatomic relationships of the SN in the distal thigh. They found the bifurcation of the SN to occur outside the adductor canal (distal to it) in every cadaver, at a mean of 2.7 cm proximal to the superior border of the patella, and they report a case of successful block at this location. They used a small artery as a landmark to help identify the SN in this location, the saphenous branch of the descending genicular artery, identified with color Doppler.
In the present study, we blocked the SN in the distal part of the adductor canal, in the distal thigh. The needle entry point was selected based on imaging and was located on average 13 cm proximal to the knee crease. This seems to be a wellsuited location to block this small nerve under imaging because the femoral artery serves as a reliable, easily-to-recognize large vascular landmark with quite consistent relationship to the nerve. In addition, this level is proximal enough to ensure blockade of both main branches (sartorial and infrapatellar) of the SN. This approach resulted in consistent nerve identification and block success (100%).
Several authors have previously blocked the SN in the subsartorial space, but most used a more distal approach than the one we report, distal to the adductor canal. Previously, Van der Wal et al 13 used a landmark-based loss-of-resistance technique to infiltrate the subsartorial space 1 finger width proximal to the patella, obtaining 80% success. In a comparative study of different landmark-based approaches, Benzon et al 5 used a transsartorial technique 4 to 5 cm superior to the patella, seeking paresthesia to electrical stimulation, resulting in 100% success, and they concluded that SN blockade proximal to the knee resulted in higher success than approaches distal to the knee. However, identification of the sartorius muscle by palpation alone is not always easy, particularly in obese patients. In addition, 30% of patients in our series did not report paresthesia to nerve stimulation on needle-to-nerve contact, which suggests that a paresthesia response may not be reliable as a sole end point. Other limitations of landmark-based techniques include long procedure times, postoperative pain at the injection site, and localized hematoma. 6, 14 Lundblad et al 9 described an ultrasound-guided technique to block the infrapatellar branch of the SN, which provides innervation to a limited area of the skin distal to the patella. However, a more proximal blockade of the SN, is necessary to provide analgesia/anesthesia to the medial aspect of the mid leg and ankle, required for foot and ankle surgery.
One of the potential limitations of our approach is that it may conceivably result in secondary blockade of the more distal branches of the motor nerve to the vastus medialis, resulting in some degree of vastus medialis weakness, which may be undesirable in ambulatory patients. We used electrical nerve stimulation to rule out a motor response before injection, but owing to the proximity of these 2 nerves, it is conceivable that the motor nerve to the vastus medialis may be blocked in some patients. In our patient series, no patient reported muscle weakness of the thigh, but muscle strength was not formally tested. If blockade does occur, however, due to the distal location, one should expect that it would result in partial motor weakness of the vastus medialis only. Motor function of the other 3 quadriceps components (rectus femoris, vastus lateralis, and vastus intermedius) should be spared because their motor nerves do not course in the adductor canal.
Finally, there have been some reports in the surgical literature of spontaneous SN entrapment in the Hunter canal. 15 However, this is a large canal, which extends a long distance in the cephalocaudad direction, and is surrounded by musculoaponeurotic planes, not rigid ligamentous or bony walls, so the potential for iatrogenic nerve compression after injection of a low volume of local anesthetic solution should be low. In our experience, there was no increased resistance to injection, and the local anesthetic solution spread easily in every case. No patient in this study developed any complications. Nonetheless, no conclusions can be drawn regarding relative safety compared with other techniques because this is a small feasibility study, and baseline complication rates of peripheral nerve blockade are low.
In conclusion, ultrasound-guided SN block in the distal adductor canal is feasible, resulting in consistent nerve identification and block success.
